The construction and operation of an intense 14-MeV neutron source is essential for the development and eventual qualification of structural materials for a fusion reactor demonstration plant (DEMO). Because of the time required for materials development and the scale-up of materials to commercial production, a decision to build a neutron source should precede engineering design activities for a DEMO by at least 20 years. The characteristic features of 14-MeV neutron damage are summarized including effects related to cascade structure, transmutation production, and dose rate. The importance of a 14-MeV neutron source for addressing fundamental radiation damage issues, alloy development activities, and the development of an engineering database is discussed. For these considerations, the basic requirements and machine parameters are derived.
INTRODUCTION
The realization of safe, economical, and environmentally-sound fusion energy is an ultimate goal for fusion research. In the course of attaining this goal, one of the most challenging problems is the development of fusion reactor materials. Particularly, it has long been recognized that the first wall and blanket structural materials will be exposed to a very high fluence of high-energy neutrons, and that the development of materials which can be used under such severe conditions is a key issue for fusion reactor development. 
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For research and development of materials for high fluence irradiation performance and of testing of potential materials, an intense fusion neutron source is a pressing need for material scientists and engineers as an essential tool. Engineering test reactors such as ITER and FER cannot be used for high fluence testing. Their relatively low 14-MeV neutron fluxes would necessitate exposure times on the order of tens of years, which exceeds the lifetime of the first wall and blanket structure of these next-step machines. Therefore, the idea of utilizing fusion reactors instead of an intense neutron source contains a self-inconsistency. (1/ The history of developing the intense neutron source for fusion materials development, especially from the standpoint of international cooperation will be described in another paper. (zl In the present paper, we will summarize the characteristic features of radiation effects in materials irradiated with 14 MeV neutrons. Updated knowledge of radiation effects Ishino et al. with high-energy neutrons will provide a clearer view on the need for and requirements of the intense neutron source and will give a basis for considering the suitability of such a source.
Major inputs to this paper come from independent recent studies, within the past 1-2 years, carried out in the United States, Europe, and Japan. o-5~
FUSION NEUTRON RADIATION EFFECTS ON MATERIALS
The first wall and blanket structural materials in a future fusion reactor will be used under the severest conditions among the various materials used for the permanent or semi-permanent components of the reactor. Neutron wall loading is an important parameter used to define the operating conditions for the materials. Typical values of the neutron wall loading for the current design of fusion devices range from 0.5-2 MW/m 2. The thermal wall loading depends on the neutron wall loading and on details of the design, but the usual values are of the same order of magnitude as the neutron wall loading. 1 MW/m 2 of neutron wall loading corresponds to an incoming 14-MeV neutron flux from the plasma of 4.43 • 1017 neutrons m-2/s. However, the actual neutron flux at the first wall position is dependent on the materials configuration in the blanket; usually, the total neutron flux at the first wall is roughly an order of magnitude higher than the incoming 14-MeV neutron flux. Not only the flux but the spectrum of neutrons also depends on the detailed configuration of the materials, and hence is design-dependent. If we use the concept of the neutron spectrum at the first wall in the discussion of a neutron source, we have to define a reference design of the fusion device and a benchmark spectrum at the reference position of the device. In any case, the high-energy region of the spectrum and, in particular, the fraction of 14 MeV neutrons plays an important role in creating atomic displacements and in transmutation reactions. Table I summarizes the conditions of first wall structural materials for various fusion devices, showing estimated cumulative lifetime neutron wall loadings, corresponding lifetime displacement damage levels, and the amount of helium production for austenitic stainless steels. For comparison, the maximum achieved conditions with a D-T neutron source, RTNS-II, are also given. Here, we would like to make a few remarks:
1. Even if the lifetime displacement levels are low for near-term machines, there are still some new problems associated with a large component such as a first wall structure. Securing the integrity of a large-scale permanent component of a reactor receiving a displacement dose exceeding 1 dpa will be a new experience in nuclear technology. This will be easily understood if we consider that radiation embrittlement is still an important issue in pressure vessel steels for light water reactors which receive less than 0.01 dpa during their service lifetime of 30-40 years.
2. It should be pointed out that the next-generation machine such as ITER will be constructed from existing materials having a well-established fabrication technology. These materials, however, will not satisfy the more demanding requirements of the
